P ersonalized medicine applied to cancer treatment exploits established clinical-pathological features of the disease combined with state-of-the-art molecular profiling in order to create diagnostic, prognostic and therapeutic strategies tailored to specific patient/disease requirements. On the path toward personalized medicine of cancer patients, genomic aberrations driving tumor behavior represent an invaluable tool to improve diagnosis, patient stratification and, most importantly, therapeutic efficacy by targeted treatments.
Several lymphoid malignancies harbor characteristic genetic abnormalities. These are relevant in determining their biological features, can be useful in differential diagnosis, and may provide therapeutic targets. Genetic hallmarks in the setting of mature B-cell tumors include chromosomal translocations, such as the t(11;14) translocation in mantle cell lymphoma, t(14;18) translocation in follicular lymphoma, and MYC rearrangements in Burkitt's lymphoma, but also point mutations, such as the p.V600E mutation of BRAF that has been recently identified in 100% of hairy cell leukemia patients.
1,2 Exome and transcriptome sequencing have revealed additional new genetic lesions in several B-cell malignancies, such as chronic lymphocytic leukemia, diffuse large B-cell lymphoma, follicular lymphoma, mantle cell lymphoma, multiple myeloma, and the role of these lesions in diagnosis, prognosis and therapy is currently under scrutiny.
Despite these advancements, little is known about the genetics of other lymphoma types. Among B-cell tumors, no disease-specific genetic lesions have yet been identified in splenic marginal zone lymphoma (SMZL).
SMZL is an indolent B-cell neoplasm involving spleen, bone marrow and, in a small number of cases, peripheral blood. The clinical course of SMZL is heterogeneous, although the majority of cases show an indolent course with a median survival of approximately ten years. Approximately 30% of cases present a worse outcome than this 3 and a further 10% of cases undergo transformation to diffuse large B-cell lymphoma (DLBCL). 3, 4 The pathogenesis of SMZL is still not known. Clinical and epidemiological data point to an association with hepatitis C virus (HCV). However, the infection rate in SMZL patients does not exceed around 15-20%, even in geographical areas where the virus is highly prevalent. 3 The contribution of antigen stimulation to SMZL pathogenesis is suggested by the highly restricted immunoglobulin gene repertoire, including selective usage of the immunoglobulin heavy variable (IGHV) 1-2*04 allele in around 20-30% of SMZL and by the stereotyped B-cell receptor in approximately 10% of cases. 5 However, the relevant antigen has not been identified. Cytogenetic abnormalities associated with SMZL include 7q31-q32 deletions in around 30% of cases and 3q gains in around 20%, although the genes targeted by these lesions are not known.
Not much is known about somatic gene lesions associated with SMZL and this makes diagnosis and classification based on genetics difficult to realize, even though it is one of the mainstay criteria adopted by the World Health Organization Classification of Tumours of Haematopietic and Lymphoid Tissues for the diagnosis of B-cell lymphoma. 6 In addition, the lack of knowledge about SMZL biology has prevented the design of target therapy approaches directed at the genetic lesions involved in SMZL growth.
No randomized trials have addressed the issue of SMZL management, and there is no consensus on optimal treatment for naive and relapsed patients. Therefore, the therapeutic armamentarium for SMZL covers a wide range of approaches and these have mainly been derived from approaches developed for the treatment of other types of B-cell lymphoma. Therapeutic options for SMZL include splenectomy, 7, 8 chemotherapy, 9,10 rituximab alone 11, 12 or rituximab + chemotherapy. [11] [12] [13] In addition, antiviral treatment should be considered in patients with SMZL and concurrent HCV-related chronic hepatitis who do not immediately need conventional chemo/immuno-therapy against the lymphoma clone. [14] [15] [16] NF-kB signaling is transiently engaged when normal B lymphocytes respond to antigens, promoting cell survival and differentiation. In a variety of lymphoid cancers, NFkB is constitutively active owing to diverse abnormalities that ultimately subvert the normal function of NF-kB in tumor cells. These include somatic mutations, genomic amplifications and deletions, and chromosomal translocations.
There is indirect evidence pointing to the nuclear factorkB (NF-kB) pathway as an attractive candidate also in SMZL pathogenesis. Abnormal marginal zone B-cell expansions are often observed in animal models with constitutive NF-kB activation. [17] [18] [19] Also, up-regulated expression of NF-kB target genes in SMZL suggests the occurrence of NF-kB activation 20 that, in other B-cell malignancies, is sustained by cancer-specific genetic lesions. 21 Consistent with this, a recent study 22 demonstrated that the NF-kB pathway is constitutively active in most (~60%) SMZL and that constitutive NF-kB activation is driven by genetic lesions targeting key regulators of both canonical (TNFAIP3 and IKBKB) and non-canonical (BIRC3, TRAF3, MAP3K14) NF-kB signaling, accounting for more than 30% of cases overall. Mutations clustered in genes of the TRAF3/MAP3K14-TRAF2/BIRC3 regulatory complex of non-canonical NF-kB signaling that was targeted in 25% SMZL cases. In this context, BIRC3 was repeatedly inactivated because of somatic mutations that disrupted the same RING domain that in extranodal marginal zone lymphoma is removed by the t(11;18) translocation. This suggests BIRC3 disruption is a common mechanism across marginal zone B-cell lymphomagenesis.
In the April issue of Haematologica, Yan et al. 23 provide further evidence of the pathogenetic role of NF-kB dysregulation in SMZL. Yan et al. 13 identified inactivating mutations of the TNFAIP3 (13%), a negative regulator of the canonical NF-kB signaling, as well as activating lesions of MYD88 (13%) and CARD11 (9%). Among their many functions, these act as positive regulators of NF-kB in signaling from B-cell and Toll-like receptors. Overall, mutations of negative and positive NF-kB regulators were distributed for the most part in a mutually exclusive fashion and accounted for approximately 30% of SMZL cases. This suggests activation of NF-kB is a major contributor to the pathogenesis of this disease.
Genetic lesions of NF-kB provide a new molecular basis for the pathogenesis of SMZL (Figure 1) , and offer a suitable target for NF-kB tailored therapeutic strategies in this lymphoma.
Bortezomib is a proteasome inhibitor with proapoptotic effects mediated by inhibition of the NF-kB pathway. Bortezomib is active in marginal zone lymphomas of extranodal type, [24] [25] [26] [27] [28] a disease that shares several characteristics with SMZL, including the same putative cell of origin, constitutive NF-kB activation as driving mechanism, and the NF-kB pathway gene BIRC3 as molecular target of genetic lesions. Although no trials have specifically examined the activity and safety of bortezomib in SMZL, clinical research has presented some evidence to suggest a more general activity of this compound against marginal zone lymphomas. For example, Conconi et al. 27 reported 31 patients with relapsed/refractory MALT lymphoma treated with bortezomib 1.3 mg/m 2 i.v. on Days 1, 4, 8, and 11 for up to six 21-day cycles. Among the 29 patients assessable for response, the overall response rate (ORR) was 48%, including 9 patients who achieved a complete response. The most relevant adverse events were fatigue, thrombocytopenia, neutropenia and peripheral neuropathy. Bortezomib plus rituximab combination regimens are also effective in relapsed or refractory marginal zone lymphoma, as documented by a randomized trial in which patients received bortezomib 1.3 mg/m 2 twice weekly (arm A) or weekly bortezomib 1.6 mg/m 2 (arm B) plus rituximab 375 mg/m 2 weekly for four weeks (both arms). 25 ORR was 49% in arm A and 43% in arm B (including 10% complete remissions). Further evidence to support the activity of bortezomib in marginal zone lymphomas is provided by observation of a rapid response when these lymphomas are challenged with proteasomal inhibitors. 29 Among 69 indolent B-cell lymphoma patients (follicular lymphoma 60%, marginal zone lymphoma 22%), the median time to treatment response to bortezomib in marginal zone lymphomas was four weeks compared to 12 weeks in follicular lymphoma.
NF-kB dysregulation in SMZL represents a new biological basis for novel therapeutic strategies for SMZL patients. Proteasome inhibitors, that are already approved for other malignancies, or more specific anti-NF-kB compounds under development should be tested for their efficacy in clinical trials specifically dedicated to SMZL. 
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